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IgE-associated allergic diseases represent a global health

problem that is increasing in prevalence and severity. In some

European countries, up to 50% of children have an IgE

sensitization to inhalant or food allergens. An epidemic of

IgE-associated allergic diseases has occurred over the past

decades in all parts of Europe (Fig. 1) (1). A wide variety of

mechanisms are associated with allergic diseases. The most

common diseases are linked with an IgE immune response.

IgE-associated allergic diseases are complex multifactorial

disorders, with both genetic and environmental components.

Their complex genetic and additional epigenetic interactions

determine disease expression and lead to different and fre-

quently coexisting phenotypes. These interactions are likely

to start in utero and during perinatal development and then

develop in infancy and childhood (2). Adult allergic pheno-

types are largely influenced by these earlier developments (3).

The different manifestations of allergic diseases involve the

respiratory system (asthma, rhinoconjunctivitis), the skin

(atopic eczema) (4), and the gastrointestinal tract [food

allergy and eosinophilic gastroenteritis (5)] and may have a

generalized expression involving different organs (anaphy-

laxis). These are not separate diseases but are linked by com-

plex and currently insufficiently defined interrelationships

that occur during childhood and persist throughout life.

Surprisingly, and despite developments in epidemiology,

immunology, and human genomics, our understanding of the

trends depicted in Fig. 1 is limited and the answers to the
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Abstract

The origin of the epidemic of IgE-associated (allergic) diseases is unclear. MeDALL

(Mechanisms of the Development of ALLergy), an FP7 European Union project

(No. 264357), aims to generate novel knowledge on the mechanisms of initiation of

allergy and to propose early diagnosis, prevention, and targets for therapy. A novel

phenotype definition and an integrative translational approach are needed to under-

stand how a network of molecular and environmental factors can lead to complex

allergic diseases. A novel, stepwise, large-scale, and integrative approach will be led

by a network of complementary experts in allergy, epidemiology, allergen biochem-

istry, immunology, molecular biology, epigenetics, functional genomics, bioinformat-

ics, computational and systems biology. The following steps are proposed: (i)

Identification of ‘classical’ and ‘novel’ phenotypes in existing birth cohorts; (ii)

Building discovery of the relevant mechanisms in IgE-associated allergic diseases in

existing longitudinal birth cohorts and Karelian children; (iii) Validation and redefi-

nition of classical and novel phenotypes of IgE-associated allergic diseases; and (iv)

Translational integration of systems biology outcomes into health care, including

societal aspects. MeDALL will lead to: (i) A better understanding of allergic pheno-

types, thus expanding current knowledge of the genomic and environmental deter-

minants of allergic diseases in an integrative way; (ii) Novel diagnostic tools for the

early diagnosis of allergy, targets for the development of novel treatment modalities,

and prevention of allergic diseases; (iii) Improving the health of European citizens

as well as increasing the competitiveness and boosting the innovative capacity of

Europe, while addressing global health issues and ethical issues.
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relevant questions raised are still largely unknown. The sig-

nificant increase in prevalence over a relatively short period

of time strongly suggests the influence of environmental

determinants. The hygiene hypothesis has attempted to

explain the epidemic of allergy, but it does leave some rele-

vant facts unexplained, like the epidemic increase in allergy

in large cities in Latin America (6). Although the reasons

explaining the epidemic of IgE-associated diseases are likely

to be environmental, the influence of interactions between

environmental factors and genes has to be considered. In the

last decade, much effort has been put into genetic studies,

but the results have been largely limited by the lack of repli-

cation. The arguments for this apparent failure may involve

many different factors such as the limitations in genomic

studies, i.e. the presence of complex genetic modulation of

environmental exposures on the inception of allergies (7), the

small effects contributed by many different genes and envi-

ronmental factors (8), the lack of information on the role of

the epigenetic regulation in the allergic phenotypes (9), the

heterogeneity of allergy-related diseases and their interrela-

tionships (currently addressed by splitting single complex dis-

eases into several sub-entities) (10), genetic differences

depending on the age of onset [like the role of the region of

the ORMDL3/GSDML gene in childhood asthma (11)], or

the uncovered complexity in the interactions between genes

and environmental exposures (e.g. pathway analyses) (12).

In utero and early life events appear to be critical. The risk

and protective factors for allergic diseases during pregnancy

and early life include airborne allergens, air pollution, indoor

air including molds and chemicals (e.g. pesticides, herbicides,

cleaning products, hormonal disruptors such as phthalates),

nutrition, drugs, lifestyle, stress, psychosocial factors, obesity,

and/or exercise.

There are several reasons justifying a joint effort within the

EU to mobilize the critical mass of expertise in understanding

the onset of allergic diseases. These include the following:
l The reasons for the recent epidemic in IgE-associated

allergic diseases are still largely unknown. The difficulty to

understand the distribution of the epidemic over the recent

decades may be linked to the approach that is being followed

rather than to the type of determinants and mechanisms that

are being sought.
l Although most patients with allergic diseases may be con-

trolled by current treatment, there is a need for the discovery

and development of preventive approaches. Research is

required to better understand the mechanisms underlying the

onset of allergy, to develop biomarkers of early diagnosis

and severity of allergy, and to develop prevention strategies

and targets for therapy, particularly in children.
l This area of research is currently fragmented, leading to a

lack of integrated studies. Whereas individual mechanistic

investigations will most likely continue to provide limited

insight, we propose that an integrative approach is necessary

to understand the current epidemic of allergic diseases. This

integrative approach can only be obtained by a network of

complementary experts in all disciplines from clinicians to

systems biology and should also involve the analysis of the

societal dimension of the questions.

A new integrative approach is needed to understand how a

complex network of genetic and environmental factors leads

to a complex allergic phenotype. Mechanisms of the Develop-

ment of ALLergy (MeDALL) will provide the platform of a

large multidisciplinary integrative effort that is required to

overcome the limitations of current research.

Objectives

This project (MeDALL) aims to generate novel knowledge

on the origin and mechanisms of the IgE-associated allergic

diseases (asthma, allergic rhinitis, atopic dermatitis, and food

allergy, particularly in children) to understand how and

which environmental factors influence the initiation of allergy

and how changes in these factors have induced an epidemic

increase in IgE-associated allergic diseases without having

changed the hereditary genetic predisposition.

An innovative integrative research strategy complex model

will combine several approaches making this consortium par-

ticularly comprehensive. The MeDALL consortium includes

experts from a wide range of fields.

Overall strategy

The strategy is based on information and samples (already

available and obtained during the project) obtained from a

large network of existing birth cohorts (Table 1). Birth

cohorts have been stratified into younger and older cohorts

depending on the length of study.

Based on the participating birth cohorts, classical and

novel phenotypes will be established. A wide range of mecha-

nistic studies will build up on the samples provided by the

birth cohorts. Methods and tools used in systems biology

will be applied to facilitate an effective knowledge manage-

ment strategy and to integrate the findings of the different

mechanistic approaches. The information from the mechanis-

tic studies will be used to validate the classical and novel

phenotypes and to assess interactions with relevant environ-
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Figure 1 Trends in IgE-associated allergic diseases and some of

the questions raised.
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mental factors. Finally, a translational strategy will be devel-

oped to maximize the preventive and therapeutic impact of

MeDALL (Fig. 2).

The overall strategy of MeDALL will be developed in

four steps (Fig. 3):

First step: identification of ‘classical’ and ‘novel’ phenotypes

in existing population-based birth cohorts

The identification of classical phenotypes will be based on

experts’ criteria. A review of the literature will include the fol-

lowing relevant topics: the definition of allergic phenotypes,

the heterogeneity of the different allergic diseases, and their

interrelationships. The review will be used in an expert meeting

for the definition of IgE-associated allergic diseases. The expert

meeting will agree on the relevant classical phenotypes that will

be used to define the samples to be assayed in the participating

birth cohorts for the mechanistic studies (second step). To

identify the novel phenotypes, the same data sets as those used

for the classical phenotypes will be analyzed using hypothesis-

free methods such as latent class (for categorical data) and

cluster analysis (both hierarchical and k-means). The applica-

bility of scale-free network analysis to the existing databases

will be explored. The population included in these analyses will

consist of 22 900 children from six young birth cohorts and

21 127 subjects from seven older cohorts.

In addition to using existing data sets of European birth

cohorts, all participating cohorts will be followed up with a

standardized protocol. The population invited to participate

in the follow-up will include 6000 children aged 4–8 years

from the six younger cohorts and 11 900 subjects aged 14–

18 years from the older cohorts.

Second step: building discovery of the relevant mechanisms

in IgE-associated allergic diseases in the European birth

cohorts and Karelian children (26)

Once defined, both classical and novel phenotypes will be

sampled following prespecified criteria and these samples

Table 1 Birth cohorts included in MeDALL

Acronym of

birth cohort Name of birth cohort Country

Recruitment of

subjects

Number

recruited

at birth

Age at new

examination

(in 2012–2013)

AMICS-Menorca* (13) Asthma Multicenter Infant

Cohort Study

Spain 1997–1998 482 15–16 year

BAMSE* (14) Children, Allergy, Milieu,

Stockholm

Sweden 1994–1996 4089 16–18 year

BIB� (15) Born in Bradford UK 2007–2009 1000 4–6 year

DARC* (16) Danish Allergy Research

Council

Denmark 1998–1999 562 14–15 year

ECA* (17) Environment and Childhood

Asthma

Norway 1992–1993 3754 16–17 year

(in 2009; no field

work in MeDALL)

EDEN� (18) Etude des Déterminants

pré et post natals du

développement et

de la santé de l’ Enfant

France 2003–2005 1900 8–10 year

GINI* (19) German Infant Nutritional

Intervention Study

Germany 1995–1998 5991 16–18 year

INMA� (20) Infancia y medio ambiente Spain 2004–2008 2500 5–8 year

LISA* (21) Lifestyle-related Factors on the

Immune System and

Development of

Allergies. In Childhood

Germany 1997–1998 3097 15–16 year

PARIS� (22) Birth cohort in Paris France 2005 2700 8 year

PIAMA-NHS* (23) Prevention and Incidence of

Asthma and Mite Allergy -

Natural History Study

NL 1996–1997 3291 16–17 year

RHEA�(24) Mother–Child cohort in Crete Greece 2007–2008 1500 7–8 year

ROBIC� (25) Roma-Bologna birth cohort Italy 2003–2004 1400 9–10 year

Total 22 900

21 127

MeDALL, Mechanisms of the Development of ALLergy.

*Older cohorts.
�Younger cohorts.

Mechanisms of the Development of ALLergy Bousquet et al.

ª 2011 John Wiley & Sons A/S



will be used in a wide range of mechanistic studies. These

studies will also use samples obtained in the follow-up. The

overall aim of the mechanistic studies is to identify finger-

prints of relevance in the disease course from initiation to

persistence. In addition, the mechanistic studies will test a

wide range of relevant specific hypotheses. The mechanistic

approach in MeDALL will include the following types of

studies:

1. Characterization of inhalant and food allergens using an

allergen microarray containing the most relevant respiratory

and food allergens to measure the levels of specific IgE, IgG

subclass, IgA and IgM antibodies.
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modelling

Identification of classical 
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Targetted
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Figure 3 Overview of Mechanisms of the Development of ALLergy.
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Figure 2 Approaches used in Mechanisms of the Development of ALLergy.
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2. Epigenetics and targeted proteomics including a genome-

wide and specifically gene-targeted assessment of methylation

status, the analysis of a large set of serum biomarkers, and

the assessment of gene-methylation-biomarker-interactions.

Gene by environment interactions will also be assessed.

3. Transcriptomics and systems biology to identify and vali-

date transcriptomic fingerprints and integrated network phe-

notype handprints.

4. In vitro human immunological studies to investigate the

mechanisms of allergen-specific T-cell tolerance and allergen-

specific T-cell and B-cell regulation.

5. The previous investigations in children’s samples will be

complemented with experiments in animal models including

naive mice, gene-modified mice, and humanized severe com-

bined immunodeficiency (SCID) mice.

Third step: validation and redefinition of the novel and

classical phenotypes of IgE-associated allergic diseases

Findings from the mechanistic studies will be integrated, and

relevant fingerprints will be validated as markers and predic-

tors of allergic diseases. The validation analysis will include

the analysis of the novel fingerprints in the full sample of the

historical birth cohorts and in the follow-up data of the birth

cohorts.

Fourth step: translational integration of systems biology

outcomes into health care

In this final step, all relevant MeDALL findings will be

examined and their potential use for improving prevention,

prediction, and treatment will be considered (Fig. 4). This

step will include the following activities:

1. Definition of novel approaches for prevention, addressing

the relevant environmental exposures, to lead to national pre-

ventive plans.

2. Identification of new opportunities for early diagnosis

(including biomarkers: threshold levels for disease expression

using classical and novel phenotypes).

3. Characterization of risk groups in the population, leading

to risk charts for allergic diseases.

4. Identification of innovative targets for therapy.

5. Estimation of the MeDALL research outcomes into socie-

tal and economic impacts in a European context.

The MeDALL project includes a specific strategy to guaran-

tee the dissemination of the results to all stakeholders and

education, in collaboration with the European Academy of

Allergy and Clinical Immunology (EAACI), GA2LEN, and

patients (the European Federation of Allergy and Airways

Diseases Patients’ Associations (EFA)), and to deal with the

ethical problems and intellectual property rights issues.

Overall progress beyond the state-of-the-art of the

MeDALL consortium

The long-term solution to the allergy and asthma epidemic is

thought to be prevention rather than treatment of established

disease (27). A large number of studies have attempted to

prevent the onset of allergic diseases, but results are inconsis-

tent and at best modest. The reasons explaining the failure of

these interventions are unclear but may be because of the

incomplete understanding of the phenotypes and of the
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mechanisms underlying the allergy epidemic. The MeDALL

project will increase our knowledge on complex interactions

and lead to more efficient preventive strategies. Besides con-

sidering the ethical issues of the research involving children

cohorts and biomaterial (28, 29), it will also carefully address

the epistemological health system and societal implications of

the newly identified types of biomarkers (30).

MeDALL will also propose a uniform definition of severe

allergic diseases based on the definition of severe asthma pro-

posed to WHO, and which can be extended to all chronic

diseases. It is based on control and future risks (short, med-

ium, and long term) (31) (Fig. 5).

MeDALL will advance the current state-of-the-art knowl-

edge of the mechanisms underlying the epidemic of IgE-asso-

ciated allergic diseases. It will be based on previous EU

projects that have helped to design this innovative integrated

research strategy. It will provide new insights into epigenetics,

biomarkers, and immunologic mechanisms.

More specifically, with an integrative translational

approach, it will be possible to identify opportunities for pre-

vention, prediction, diagnosis, and treatment

1. To define the different allergic/atopic phenotypes;

2. To determine early markers of the development of IgE-

associated allergic diseases (diagnosis before clinical expres-

sion);

3. To provide novel insight into the individual susceptibility

of developing IgE-associated allergic diseases;

4. To determine risk prediction algorithms for allergy in chil-

dren;

5. To propose novel preventive measures for the development

and clinical expression of IgE-associated allergic diseases;

6. To propose new targets for therapy.

The progress expected beyond the state-of-the-art is summa-

rized in Fig. 6.

Impact

This project is aimed at improving the health of European

citizens as well as increasing the competitiveness and boosting

the innovative capacity of Europe, while addressing the glo-

bal health issues of a major public health problem. It is

designed to develop novel diagnostic tools, treatment modali-

ties, and methods for the prevention of allergic diseases, from

childhood to adolescence. The feasibility and achievability of

MeDALL have been carefully examined.

Dissemination of the MeDALL results and intellectual

property (IP) management will be extensive and will also

involve carefully redacted public health messages prepared in

collaboration with scientists and stakeholders including

patients’ associations and, if possible, a larger public. Proper

interaction with national health agencies and public health

Patient with uncontrolled chronic disease

Is there an effective treatment
available and affordable ?

Treat according to guidelines
and review control

Check if diagnosis is correct
OR if there are other associated diseases

Treat to the highest recommended dose

Severe disease uncontrolled
despite optimal treatment

Severe disease controlled
with optimal treatment

Check co-morbidies, risk factors
compliance and/or treatment administration

No
untreated

severe disease

Possible risk
due to other

disease

Difficult-to-treat
disease

Short-term
(eg exacerbation)

Long-term
(eg remodelling)

Side effects from
treatment

RISK

Figure 5 Uniform definition of severe chronic disease (the example of asthma) [based on (32)].

Figure 6 Allergy phenotype handprints developed through an inte-

grative systems biology approach (adapted from U-BIOPRED).
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societies at national and European level will be promoted, as

well as visibility to the Health and Consumer General Direc-

torate of the EU Commission.

The ‘foreground’ of MeDALL will be extensively pro-

moted. It will consist of results, including information, mate-

rials, and knowledge generated during the project, whether or

not results can be protected, intellectual property rights (IPRs

such as rights resulting from copyright protection, related

rights, design rights, patent rights, plant variety rights, rights

of creators of topographies of semiconductor products), simi-

lar forms of protection (e.g. sui generis right for databases),

and unprotected know-how (e.g. confidential material).

MeDALL outcomes will hold a significant benefit for

society and human interaction including health and envi-

ronmental implications. The ultimate goal of MeDALL is

to increase our knowledge and understanding of the causes

of asthma and allergic disease. The results of the program

will help to improve early diagnosis, target primary and

secondary prevention strategies, and develop novel cost-

effective treatments for allergic disorders. The project is

likely to have a major impact on health and costs, and to

reduce health inequities in Europe because it is expected to

abate the allergy epidemic.
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